ABSTRACT -(Inter-annual variations in the floristic and population structure of an herbaceous community of "caatinga" in Pernambuco, Brazil). The influence of climatic variations on the herbaceous component of the "caatinga" vegetation was examined in the state of Pernambuco, Brazil. A total of 105 1 × 1 m-plots were established, of which 35 were in a level micro-habitat, 35 in a riparian micro-habitat, and 35 in a stony microhabitat. During two consecutive years all herbaceous plants in these plots were counted, measured (height and diameter), and collected for identification. The Shannon-Wiener diversity index and the equitability were calculated for each year, as well as the density, frequency, dominance, total basal area and importance index for each species. The total annual pluviometric was 819.5 and 448.8 mm in 2002 and 2003, respectively. The herbaceous flora in the study area was composed of 71 species, of which 58 were sampled in the plots. The families with the greatest species richness were Malvaceae (8 species), Euphorbiaceae (7), Poaceae (6), Convolvulaceae (4), Fabaceae (4), and Portulacaceae (4). The diversity indices were 2.66 and 3.01 nats ind -1 in 2002 and 2003, respectively. The density, frequency, dominance and importance value of herbaceous populations, as well as, the height and diameter of plants were low in the dryer year. The riparian group was the most isolated of the microhabitats examined, both in terms of its floristic and its population structure. Annual seasonal climatic variations greatly modified these populations structure during the course of this study, emphasizing the fact that longterm studies are needed in order to better understand the dynamics of the herbaceous component of the "caatinga" vegetation.
to 8 months. It occupies most of northeastern Brazil (Araújo 1998 , Sampaio 2003 , where total annual pluviometric indices are low, although different regions may have their own characteristic average. Years with total pluviometric above and under the average were recorded for "caatinga" vegetation but inter-annual fluctuations in rainfall are unpredictable, and may be extreme (Sampaio 2003 , Araújo 2005 ), and will influence comparative studies on plant community dynamics (Araújo 2005 , Araújo et al. 2005a .
Previous research on the woody vegetation of the "caatinga" has shown that: 1) there are a great number 1.
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Introduction
"Caatinga" is a type of deciduous, dry forest vegetation that experiences a dry period lasting from 3 of endemic species threatened with local extinction (Sampaio et al. 2002) ; 2) there are variations in species abundance between different habitats (Araújo & Tabarelli 2002) ; 3) seasonal climatic changes alter the birth and death rates of the plant populations (Araújo 1998 , Araújo et al. 2005a ); 4) flowering and fruiting are most intense during the rainy season (Machado et al. 1997 , Araújo & Ferraz 2003 ) and, 5) many species have great economic value (Sampaio et al. 2002) .
The herbaceous flora of the "caatinga" vegetation, however, is less well know, although previous studies have demonstrated that it: 1) retains the greater part of the biodiversity of the "caatinga" biome , Araújo 2003 ; 2) is composed predominantly of terophytes plants, and is therefore most apparent during the rainy season (Pereira et al. 1989 , Araújo 2003 , Reis 2004 , Silva 2004 ; 3) influences the dynamics of the woody vegetation component (Araújo 1998) ; 4) contains habitat-specific species (Reis 2004 , Araújo et al. 2005b ; 5) flowers and fruits most intensely during the raining season, like the woody vegetation (Pereira et al. 1989 , Reis 2004 , Silva 2004 , Feitoza 2004 ) and 6) has great value as pasture, or for apiculture (Carvalho & Marchini 1999 , Sampaio et al. 2002 , Lorenzon et al. 2003 . It has been suggested that the herbaceous vegetation has an important role in maintaining the biodiversity of the woody component of the flora, as their roots help maintain the soil seedbank (Araújo 2003 , Feitoza 2004 .
In dry years few study on the vegetation was recorded because the majority of species is deciduous, and none was directed towards describing and comparing the influence of annual climatic variations on the structure of herbaceous plant populations in the "caatinga" biome. As such, the present work sought to characterize this flora, as well as quantify the influence of inter-annual variations climatic on regeneration processes of the herbaceous component in order to determine if there are observable differences in species composition and abundance in the populations. We expect that many alterations should occur within the community during regeneration as a majority of the species are annual plants, and that it will be possible to identify the populations that are most sensitive to climatic changes.
Materials and methods
Study area -This work was carried out during the years 2002 and 2003 in an area of "caatinga" vegetation, at the Experimental research station of the Empresa Pernambucana de Pesquisa Agropecuária (IPA) (8º14' S and 35º55' W; altitude 537 m), located in the municipality of Caruaru, Pernambuco State, Brazil. According to Alcoforado Filho et al. (2003) , the soil there is classified as a yellow Podozol tb, eutrophic, abrupt, A moderated, franco-sandy texture, "caatinga" phase hipoxerophyte. The upper (0-20 cm) soil layer is composed of 631, 229, and 140 g kg -1 of sand, silt, and clay, respectively, as well as 6, 6, 25, 11, 43 , and 3 µmol kg -1 of exchangeable Na, K, Ca, Mg, H, and Al, respectively (Alcoforado Filho et al. 2003) . The area is drained by the Olaria Stream, affluent of the Ipojuca River. Flow is very low during the dry season but higher in the rainy season, although there are no records of flooding.
The climate is seasonal, with an average total rainfall of 710 mm. Temperatures vary between 11 ºC and 38 ºC, with a compensated average of 22.7 ºC. Climatic records over a 30 years period indicate that the rainy season generally occurs between March and August, with the rest of the year being essentially dry (Araújo 1998 , Araújo et al. 2005a ). This seasonality is reflected both in the deciduousness of the woody plants during the dry season, and in the growth of herbaceous plants only during the rainy season , Sampaio 2003 , Araújo et al. 2005a . During the study period, total annual recorded rainfall was 819.5 mm in 2002, and 448.8 mm in 2003 (figure 1).
The total area covered by native vegetation in the Experimental research station is approximately 30 ha. Although the area of vegetation chosen in this study was continuous, it contained at least three microhabitats that were denominated: level, stony, and riparian. The level microhabitat constitutes areas of soil with a flat topography. Intermixed with the level microhabitat is the stony microhabitat, formed among discontinuous rocks varying in height from 0.3 to 1.10 m, and covering 0.5 to 1.5 m 2 . Some of these stones are fissured, which permits the accumulation of soil, organic material, and water. The riparian microhabitat was located near the Olaria Stream, approximately 50 to 150 m from the other two microhabitats. 
Month Precipitation (mm)
A dense, shrub-tree woody vegetation was dominant in all three microhabitats, and shading, which normally suppresses herbaceous coverage, was more or less homogeneous throughout. The woody vegetation was characterized principally by the presence of a number of species of Leguminosae and Euphorbiaceae, such as Caesalpinia pyramidalis Tul., Anadenanthera colubrina (Vell.) Brenam, Bauhinia cheilantha (Bong.) Steud, Croton sonderianus Müll. Arg., Jatropha mollissima (Pohl.) Baill., Manihot dichotoma Ule, and Sapium lanceolatum (Müll. Arg.) Herber (Alcoforado Filho et al. 2003) . The herbaceous flora was dominated by numerous species of Poaceae, Asteraceae, Malvaceae, Convolvulaceae, and Euphorbiaceae , Araújo et al. 2005b . Data collection -The herbaceous stratum was surveyed in 35 1 × 1 m-plots in each of the three microhabitats (stony, level, and riparian), for a total of 105 m². These 1 × 1 m-plots were randomly distributed within 400 permanent plots (5 × 5 m each) that were previously established at the Experimental station. As the stony and level microhabitats mix together naturally in the 5 × 5 m permanent plots, they were posteriorly classified in the field by visual inspection after lottery selection. Lotteries were repeated until 35 plots were chosen for each microhabitat. Level area plots were always at least one meter from any rock outcrop. Stony plots were almost always located on distinct, individual outcrops. Riparian plots were established up to 10 meters from the river margin. The area studied had approximately 55%, 35% and 20% of its extension occupied by level, stony and riparian microhabitats, respectively. A census of all individuals in the herbaceous stratum in the selected plots was undertaken in 2002 and again in 2003. Total height and stem diameter were recorded for each plant. Measurements were made using a metric tape and a pachymeter. Plants were marked using plastic or wooden horticultural labels affixed either to the individual plants, or placed in the ground near them. Plants were considered herbaceous if they possessed a green stem and showed only low levels of lignification. Collections were made of all plants in their reproductive stage for purposes of taxonomic identification. Herbaceous species occurring near, but not within, the study plots were also registered, collected for identification, and listed as observed species.
Species not flowering during the sampling period were collected outside the plots and transplanted to a greenhouse. When flowering occurred, the plants were processed for identification. As some plants did not survive transplanting, monthly visits were also made to the sample plots to collect reproductive material of species that had not flowered during the sampling period. These procedures were repeated again in 2003 in order to examine annual differences in the regeneration of the herbaceous component of these communities. Treatment and Data Analysis -All botanical material was prepared for storage in permanent collections (Mori et al. 1989) and identified using taxonomic keys, descriptions from specialized literature, as well as by comparison to material previously stored in the herbaria IPA, PEUFR and UFP. Specialists were consulted whenever necessary. The abbreviations of the authors' follow Brummit & Powell (1992) . Botanical material collected was incorporated into the PEUFR herbarium, and duplicates were sent to the IPA and UFP herbaria.
The data collected was used to compute ShannonWiener diversity indices and equitability (Krebs 1989 , Araújo & Ferraz 2004 as well as other phytosociological parameters (density, frequency, dominance, importance value and total basal area), using the Fitopac software package (Shepherd 1995) . Difference between the Shannon-Wiener diversity indices was tested using t test according to Hutcheson (Magurran 1989) . Matrixes were prepared for the number of individuals of each species encountered in 2002 (42 species) and 2003 (50 species) in the level (plots 1 to 35), stony (plots 36 to 70), and riparian microhabitats (plots 71 to 105). The floristic-structural similarity between the microhabitats was assessed by cluster analysis techniques, using the BrayCurtis distance index and the average group link technique (UPGMA). This latter technique permits a greater correlation between the original and the calculated matrixes. This analysis was performed using the PC-ORD4 System program (McCune & Mefford 1999) . The causality between these links was tested using the Rand Mat 1.0 program for Windows, with 1000 repetitions of the Monte Carlo test, at a 5% probability level.
Increases or decreases until 50% in population sizes between the two study years were considered "moderate" and above 50%, "drastic", according to Reis (2004) . Differences in the number of individuals in the different height and diameter classes, as well as the number of individuals sampled in each microhabitat in different years, were tested for all populations that had 5 or more individuals in at least one of the years through the chi-square test, at 5% probability (Zar 1996) .
Results and Discussion
Annual variations in the structure and regeneration of the herbaceous component -The herbaceous flora was represented by 71 species during the study years, of which 58 species were sampled and 13 were observed near the sample plots. Of this total, 77% (55) were collected in the first year, and 83% (59) collected in the second year. Of these species, 57% (41) were encountered in both years. In 2003, 16 species found were not been observed within the sample plots the previous year (table 1) . These results emphasize the fact that short-term studies will not provide a complete view of the "caatinga" herbaceous flora, and confirms the observations of Araújo & Ferraz (2003) , Reis (2004) and Araújo et al. (2005b) that part of the biodiversity of this herbaceous component must be considered transitory. The species composing the herbaceous flora were distributed among 35 families and 63 genera. The year 2003 demonstrated the lowest family richness (27), but the largest species richness (table 1) . In 2002, a total of 33 plant families were collected. Families with the greatest number of species were: Malvaceae (8 species), Euphorbiaceae (7), Poaceae (6), Convolvulaceae (4), Fabaceae (4), and Portulacaceae (4). These families have shown high diversity within the herbaceous stratum in other "caatinga" surveys (Santos 1987 , Carvalho & Marchini 1999 , Araújo 2003 , Feitoza 2004 , Silva 2004 , Reis 2004 , Araújo et al. 2005b .
The Shannon-Wiener diversity indices were 2.66 and 3.01 nats ind -1 in 2002 and 2003, respectively. The difference between Shannon-Wiener indices recorded was significantly (P < 0.05). It is interesting to note that there does not seem to be a direct relationship between seasonality and alpha diversity, as the reduction in rainfall observed during the study years in this survey did not result in a loss of diversity. This result points to the need for long-term studies that can identify which factors are minimizing the full expression of alpha diversity in rainy years.
Equitability was very similar in both years (0.71 and 0.77) in spite of the differences in total rainfall. These values are relatively high compared to the only other reported phytosociological study during a dry year (0.28) by Feitoza (2004) but approach the range (0.55-0.72) variation that occurred in herbaceous vegetation of the "caatinga" (Silva 2004 , Araújo et al. 2005b . The amplitude of these variations suggest that the distribution of the number of individuals of any species of herbaceous plant perhaps depends on local conditions and on the ability to exploit available resources during the short rainy season of "caatinga", because a majority of the herbaceous plants have a short life cycle, and so are influenced heavily by the characteristics of a single rainy season.
The total number of individuals sampled varied between years, and among sample plots. Araújo et al. 2005) and corroborate well with the ideas that herbaceous plants have an important ecological function in conservation and retention seed bank soil, as well, to be important source of food for local fauna (Carvalho & Marchini 1999 , Lorenzon et al. 2003 , Araújo & Ferraz 2003 , Araújo 2003 , Feitoza 2004 , because, although the individual plants have a very small aerial biomass, their high densities protect the soil from the direct incidence of sunlight and from the impact of the rain. However, considering that climatic variations can alter the annual herbs density, more studies in areas of "caatinga" with different physiognomies will be necessary in order to better define the role of herbaceous plants in this biome.
The total basal area of the herbaceous vegetation varied between years, reflecting the variations seen in plant densities. Basal area was 1.79 and 0.28 m 2 ha -1 in 2002 and 2003, respectively. These results demonstrate that during the process of regeneration there are natural alterations in the population structure of the herbaceous vegetation. These alterations are most probably related to the yearly variations in rainfall (figure 1), as the area did not experience any other obvious disturbances, such as fire, cutting, or grazing. This suggests the existence of a minimum critical rainfall value needed to generate equivalent patterns of land cover by herbaceous plants. As such, this study concludes that the observed variations in density and basal area reflect the yearly variations in weather patterns, and that short-term studies are not capable of accurately describing the regeneration dynamics of the herbaceous flora of the "caatinga".
The maximum heights of herbaceous species sampled were from 0.5 to 110 cm. A majority of the plants (84%) were < 15 cm tall, and the height distribution curve took the form of a reversed "J " for both study years. Although there was a significant difference (χ 2 = 46.8, P < 5%) in the height distribution curves in 2002 and 2003, the proportion of individuals in two the last classes was similar ( figure 2A ). This shows that the majority of all herbaceous plants was small, and suggests that the study area was well conserved, with recruitment of seedlings occurring at different times during the rainy season. In 2003 a majority of the herbaceous plants completed their life cycles while still diminutive, apparently in response to the dryer conditions of that year.
The maximum stem diameter of these herbs varied from 0.05 to 2.7 cm, with a distribution skewed towards smaller diameters. Similar to the results for plant height, the diameter distribution curves during both study years 
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took the form of a reversed "J ". There were significant differences (χ 2 = 66.4, P < 5%) in the diameter distribution curves between the years, although after the third class the proportion of individuals was similar ( figure 2B ). In the year with superior rainfall, there were more individuals in each diameter class, and 59% of them had diameters < 1 cm. In the driest year, the percentage of plants with diameters < 1 cm increased to 72%, demonstrating that these plants responded to water stress with a reduction in stem diameter. Thus in drier years, there is a reduction in absolute plant numbers, as well as in plant height and stem diameter. As a result, herbaceous ground cover diminishes greatly. According to Carvalho et al. (2001) and Sampaio (2003) , a thinning of the woody vegetation should allow the herbaceous plants to increase their biomass, due to an increase in light levels. Despite the light factor was not quantified, in 2003 it was observed that shading from the woody plants was reduced (and light penetration therefore greater) and the density and size of the herbaceous plants was significantly reduced. Thus, this study suggest that perhaps light is a secondary factor, in view of the importance of the availability of water in regulating biomass production in the herbaceous stratum. Population structure of the herbaceous communityDuring the two years of this study, only Phyllanthus niruri, Cyrtopodium holstii, and Apodanthera glaziovii maintained approximately equal numbers of individuals; other species either increased or decreased to varying degrees. Commelina obliqua, for example, increased in numbers moderately, while Dorstenia asaroides, Anthurium afinne, Pseuderanthemum sp., and Oxalis euphorbioides demonstrated moderate decreases. All other species showed drastic decreases. Sida glomerata, Acalypha multicaulis, Bomarea salsillioides, Heliotropium angiospermum, Aristolochia birostris, and Begonia reniformis were not recorded in the driest year (table 1). The drastic alterations observed in these populations were reflected in visually discernable changes in the community organization, suggesting the existence of different regeneration models in different years. Although this study did not attempt to quantify monthly birth and death rates, the yearly differences in population structure suggest that at least two models of regeneration may be involved. One is consistent and independent of seasonality, and is represented by the species that maintained their population levels. The other is inconsistent and dependent on seasonality, and is represented by those species that exhibited considerable alterations in population size.
Although some species disappeared, some new species were encountered in the second year: Alternanthera brasiliana, Malvastrum scabrum, Sidastrum multiflorum, Tragia volubilis, Tragia sp., Ruellia asperula, Portulaca oleracea, Talinum stoloniferum, Commelina obliqua, and Dioscorea polygonoides, representing 67% of the total VI. In 2003, a dry year, the most important species were: Pseuderanthemum sp., Commelina obliqua, Dorstenia asaroides, Dioscorea coronata, Anthurium affine, Panicum venezuellae, Oeceoclades maculata, Dalechampia scandens, and Sarcoglottis acaulis, representing 64% of the total VI (table 1 ). These results demonstrate that, independent of rainfall, the herbaceous community tends to have the same of number species influencing its organization.
In general, population structure differed among the microhabitats as well as in different years (table 2) . A cluster analysis of the 105 plots indicated that the riparian microhabitat formed a group that was isolated from the level and stony plots. In 2002, the stony group also included some plots from the level (p14, p18, p24) and from the riparian microhabitats (p93). There was a third cluster with a greater degree of similarity, which mixed mainly plots from the level and stony habitats (figure 3). This tendency was matched in 2003. The coffenetic correlation (r) of the matrixes was 0.89 and 0.81, and the confidence limits of the links were 0.50 and 0.53 in 2002 and 2003, respectively. The isolation of the riparian plots was apparently due to the fact that these are relatively well separated from the stony and level areas, and are generally more humid and continuous. The stony outcrops, on the other hand, are disconnected and occur essentially randomly within the level habitat matrix.
Populations of Aristolochia birostris, Begonia reniformes, Bomarea salsillioides, Centrosema sagittatum, Cryptanthus bahianus, Dorstenia asaroides, Petalostelma sp., Plumbago scandens, Pseuderanthemum sp., and Sarcoglottis acaulis, occur exclusively in the riparian microhabitat. Acalypha multicaulis, Cayaponia sp., Jaquemontia hirsuta, Portulaca oleracea, and Tragia volubilis were recorded only from the stony microhabitat, while Alternanthera brasiliana, Chaetocalyx longiflora, Cyrtopodium holstii, Desmodium glabrum, Malvastrum scabrum, Ruellia asperula and Talinum triangulare were restricted to the level microhabitat. Only a small number of species were common to all three microhabitats, and some of these had larger populations in the level and stony microhabitats: Dalechampia scandens, Delilia biflora, Dioscorea coronata, Gomphrena vaga and Panicum venezuellae. These species were in part responsible for the difficultly in clearly distinguishing between the stony and level microhabitats in the cluster analysis (table 2 and figure 3). triangulare, Talinum sp., Sarcoglottis acaulis, Jacquemontia hirsuta, Chaetocalyx longiflora, Desmodium glabrum, Plumbago scandens, and Cayaponia sp. (table 1) . This indicates that the herbaceous community of the "caatinga" harbors two types of flora, one permanent, and another transitory. As such, migration rates must be considered in the construction of dynamic models of the herbaceous stratum, as noted by Araújo (2003) and Araújo et al. (2005b) .
The species with the greatest Importance Value ( 
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Tragia sp. The inter-annual climatic variations also resulted in alterations in the sizes and the frequencies of populations within the three microhabitats (table 2) . For a majority of the species, the frequency changes observed in the driest year can be explained by the variation in the number of individuals present. However, for some species, frequency was little influenced by alterations in population size: Panicum venezuellae in the level and stony microhabitats; Dorstenia asaroides and Pseuderanthemum sp., in the riparian habitat. These results indicate that recruitment occurred in a large number of plots or the plot number with occurrence of these species was not altered. This suggests that dynamics study will be necessary in order to better comprehend the structure alteration of populations recorded.
Finally, this study concludes that inter-annual climatic variations can alter the structure of herbaceous plant populations and influence community organization in the "caatinga", but the intensity of that influence depends on the biological characteristics of the species in question, and on the microclimate at the site.
Regeneration processes of the herbaceous flora need to be closely monitored and described for longer periods of time, as the appearance and disappearance of species suggests that some populations have "pulsed" demographic cycles. Short-time series studies can induce incomplete or erroneous conclusion about the structure and dynamic herbaceous component of "caatinga" vegetation. 
